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(57) ABSTRACT

A method and apparatus can be configured to operate a node
in a first mode to support one or more user equipment. The
method can also include operating the node in a second mode
to support one or more user equipment. The coverage of the
second mode is enhanced compared to the coverage of the
first mode.
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1
METHOD AND SYSTEM FOR OPERATING
COVERAGE-LIMITED DEVICES

BACKGROUND

1. Field

Embodiments are directed to a method and a system for
operating one or more coverage-limited devices to reduce
overhead and latency.

2. Description of the Related Art

Long-term Evolution (LTE) is a standard for wireless com-
munication that seeks to provide improved speed and capac-
ity for wireless communications by using new modulation/
signal processing techniques. The standard was proposed by
the 3" Generation Partnership Project (3GPP), and is based
upon previous network technologies. Since its inception, LTE
has seen extensive deployment in a wide variety of contexts
involving the communication of data.

SUMMARY

According to a first embodiment, a method can comprise
operating a node in a first mode to support one or more user
equipment. The method can also include operating the node
in a second mode to support one or more user equipment. The
coverage of the second mode is enhanced compared to the
coverage of the first mode.

In the method of the first embodiment, the method can
further comprise broadcasting information about when the
second mode is available.

In the method of the first embodiment, the operating the
node in the second mode comprises operating the node in the
second mode at a specified time.

In the method of the first embodiment, the specified time
corresponds to a low-traffic/quiet time.

In the method of the first embodiment, the broadcasting
information comprises broadcasting the information periodi-
cally to inform one or more coverage-limited user equipment
that the second mode is available so that the one or more
coverage-limited user equipment can access the node.

In the method of the first embodiment, the one or more
coverage-limited user equipment are machine-type commu-
nications devices.

In the method of the first embodiment, the broadcasting
information about when the second mode is available com-
prises broadcasting information through a physical broadcast
channel.

In the method of the first embodiment, operating the node
in the second mode comprises operating the second mode
during one or more periods, and a same system configuration
is maintained across said one or more periods of operating in
the second mode.

In the method of the first embodiment, operating the node
in the second mode comprises operating the second mode
during one or more periods, and a same user configuration is
maintained across said one or more periods of operating in the
second mode.

In the method of the first embodiment, the one or more
coverage-limited user equipment are programmed to access
the node during the second mode.

In the method of the first embodiment, operating the node
in the second mode comprises enabling coverage extension
modes on channels.

According to the second embodiment, an apparatus can
comprise at least one processor. The apparatus can also
include at least one memory including computer program
code. The at least one memory and the computer program
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code can be configured, with the at least one processor, to
cause the apparatus at least to operate in a first mode to
support one or more user equipment. The apparatus can also
operate in a second mode to support one or more user equip-
ment. The coverage of the second mode is enhanced com-
pared to the coverage of the first mode.

In the apparatus of the second embodiment, the apparatus
can be further caused to broadcast information about when
the second mode is available.

In the apparatus of the second embodiment, the operating
in the second mode comprises operating in the second mode
at a specified time.

In the apparatus of the second embodiment, the specified
time corresponds to a low-traffic/quiet time.

In the apparatus of the second embodiment, the broadcast-
ing information comprises broadcasting the information peri-
odically to inform one or more coverage-limited user equip-
ment that the second mode is available so that the one or more
coverage-limited user equipment can access the apparatus.

In the apparatus of the second embodiment, the one or
more coverage-limited user equipment are machine-type
communications devices.

In the apparatus of the second embodiment, the broadcast-
ing information about when the second mode is available
comprises broadcasting information through a physical
broadcast channel.

In the apparatus of the second embodiment, operating in
the second mode comprises operating the second mode dur-
ing one or more periods, and a same system configuration is
maintained across said one or more periods of operating in the
second mode.

In the apparatus of the second embodiment, operating the
node in the second mode comprises operating the second
mode during one or more periods, and a same user configu-
ration is maintained across said one or more periods of oper-
ating in the second mode.

In the apparatus of the second embodiment, the one or
more coverage-limited user equipment are programmed to
access the node during the second mode.

In the apparatus of the second embodiment, operating the
node in the second mode comprises enabling coverage exten-
sion modes on channels.

According to a third embodiment, a computer program
product can be embodied on a non-transitory computer read-
able medium. The computer program product can be config-
ured to control a processor to perform a process comprising
operating a node in a first mode to support one or more user
equipment. The process can also include operating the node
in a second mode to support one or more user equipment. The
coverage of the second mode is enhanced compared to the
coverage of the first mode.

According to a fourth embodiment, a method can comprise
accessing, via one or more coverage-limited user equipment,
a node. The node can be operated in a first mode to support
one or more user equipment. The node can be operated in a
second mode to support one or more user equipment. The
coverage of the second mode can be enhanced compared to
the coverage of the first mode. The node can be accessed by
the one or more coverage-limited user equipment while the
node is operated in the second mode.

In the method of the fourth embodiment, accessing the
node comprises accessing the node with one or more cover-
age-limited user equipment that uses a streamlined procedure
if the one or more coverage-limited user equipment has pre-
viously accessed the node.

BRIEF DESCRIPTION OF THE DRAWINGS

For proper understanding of the invention, reference
should be made to the accompanying drawings, wherein:
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FIG. 1 illustrates transmission times for reaching cell-edge
UEs according to embodiments of the invention.

FIG. 2 illustrates a logic flow diagram of a method accord-
ing to certain embodiments of the invention.

FIG. 3 illustrates a logic flow diagram of a method accord-
ing to certain embodiments of the invention.

FIG. 4 illustrates an apparatus according to embodiments
of the invention.

FIG. 5 illustrates an apparatus according to other embodi-
ments of the invention.

FIG. 6 illustrates an apparatus according to other embodi-
ments of the invention.

DETAILED DESCRIPTION

Certain embodiments of the present invention relate to a
method and a system for operating coverage-limited devices
to reduce overhead and latency.

In Long Term Evolution (LTE) Release-12, coverage
enhancement for Machine Type Communications (MTC) is
being studied with the goal of extending LTE coverage
approximately 20 dB beyond the typical range of LTE (the
typical range being a range with a cell-edge data rate of 20
kbps, as described in the LTE Release 12 study item). Extend-
ing LTE coverage is meant to allow LTE to be used for
services such as smart metering, where the meters may be
installed in basements or shielded locations, and thus may be
subject to substantial penetration loss. MTC devices may be
programmed to send data at a specific time (such as late at
night, for example).

The target data rate for these types of services is generally
low. An example given in the study item is a transmission size
of'the order of 100 bytes/message in the uplink and 20 bytes/
message in the downlink, and which allows a latency of up to
10 seconds for downlink and up to 1 hour for uplink.

In order to support the above-described coverage enhance-
ment, longer transmission times may be needed. Longer
transmission times can be achieved, for example, by using
Transmission Time Interval (TTI) bundling, repetition or
spreading. Other techniques that can also be used for cover-
age enhancement include retransmission, increased transmis-
sion power, power boosting, and low-rate coding.

FIG. 1 illustrates transmission times for reaching cell-edge
UEs according to embodiments of the invention. In some
cases, the time (or the repetition factor) can be configurable
based on shortfalls of the UEs. However, for common chan-
nels like the Physical Broadcast Channel (PBCH) and the
Physical Random Access Channel (PRACH), the amount of
overhead can be fixed to an amount required by cell-edge
UEs. Other broadcast information such as information corre-
sponding to System Information Blocks (SIBs) and informa-
tion sent through paging must also be able to reach cell-edge
UEs.

FIG. 1 illustrates that the overhead to operate the system for
coverage-limited MTC devices can be significant. For
instance, 200 ms of Physical Uplink Shared Channel
(PUSCH) transmission can be required to transmit 16 infor-
mation bits per resource block. For the Physical Downlink
Control Channel (PDCCH), using an aggregation level of 4
and 200 repetitions, 800 Control Channel Elements (CCEs)
will be taken by one single device for a single transmission.
This may be seen as 400 missed scheduling opportunities
assuming an average CCE aggregation level of 2.

Two different types of overhead can be considered: (1)
system-specific parameter broadcasts (broadcasts through
Master Information Blocks (MIB), SIBs, paging, etc.) and
random access (via PRACH), and (2) connection establish-
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ment (connection establishment through random access pro-
cedures, and Radio Resource Configuration (RRC), for
example). The first type of overhead can be present regardless
of'the number of MTC devices. The second type of overhead
can be incurred each time an idle device connects to the
network and establishes a data connection. For certain ser-
vices (such as a smart-meter type of service), the overhead
associated with establishing a data connection may be sig-
nificantly more than the amount of data to be transmitted.

Inview of the above, embodiments of the present invention
are directed to a method for system configuration and deploy-
ment that can reduce overhead and latency.

To reduce the overhead and latency, the following methods
are proposed. For implementation-specific methods, a cover-
age-extension mode can be designated for the system at a
specified time (such as during a low-traffic/quiet period in the
middle of the evening, for example). In one embodiment, the
system can be put in coverage-extension mode only at the
specified time. Coverage-limited MTC UEs can be time-
controlled to access the system during the period. In one
embodiment the coverage-limited UEs can be time-con-
trolled to access the system only in that period. To minimize
the amount of system information needed to be read by the
UEs, the system can use a same configuration across different
periods of the coverage-extension mode. MTC UEs accessing
the system may be able to operate with reading less informa-
tion. For example, MTC UEs accessing the system may only
have to read one System Information Block (such as SIB1),
which can reduce their access time latency significantly.

MTC UEs that have not previously connected to the system
can follow a normal procedure. The normal procedures can
generally refer to the procedures of the previous approaches
that are used by UEs to connect to the system. In contrast with
the previous approaches, certain embodiments of the present
invention are directed to a streamlined procedure for cover-
age-limited UEs that have accessed the system before. In this
streamlined procedure, the UEs can skip at least one of the
steps that would normally be required. UEs that have previ-
ously connected to the system can follow a different proce-
dure as outlined below.

For UEs that have previously connected to the system, they
may follow a different streamlined procedure. In LTE, a UE
that has gone into disconnected or idle state will generally not
maintain its Radio Resource Control (RRC) configuration.
When the UE connects to the system again, the eNB will
performance RRC configuration and transmit this configura-
tion to the UE. In the modified access procedure, the UE can
maintain its Radio Resource Control (RRC) configuration
from the last access attempts unless otherwise informed by
the eNode B (eNB). This allows the network to skip the RRC
configuration/establishment stage for the UE. Alternatively,
the network may have certain predefined configurations and
may assign the UE one of these configurations. These con-
figurations may be conveyed to the UE atinitial access, and in
subsequent access attempts only a configuration index is
required to be transmitted to the UE. Further, if the UE is fixed
(i.e., not moving), the UE can skip a random access proce-
dure, as described in further detail below. The UE can instead
use other means, e.g., a Scheduling Request (SR) to notify the
network that the UE has come on-line.

Furthermore, the configuration index mentioned above can
be conveyed in a number of ways: in the first way, it is
conveyed as part of system information broadcast; in the
second way it is conveyed in a new physical signal at a
frequency location and time predefined by the cell or network
(e.g. the new signal takes the form of a pseudo-random
sequence such as M-sequence, Gold sequence, Kasami
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sequence, and the configuration index is embedded in the
sequence’s initial state), which makes it easier for UEs to
identify the configuration index.

With regard to skipping the random access procedure, to
access the system, the UE generally: (1) reads system infor-
mation blocks to find out about the system, (2) performs a
random access procedure to let an eNode B know that the UE
is trying to access the system, and (3) is configured by the
eNode B (eNB) for system access.

A random access procedure includes sending a preamble
on the Physical Random Access Channel (PRACH) by the
UE, waiting for a response by the eNB, and letting the eNB
know who the UE is and why the UE is assessing the system.
Another important part of the random access procedure is to
get timing information from the eNB. In LTE, because uplink
transmissions from UEs are generally synchronized, the UEs
may require this timing information (called timing advance).
Timing advance values change as a UE moves.

For fixed UEs, these UEs do not require receiving timing
advance again (because the timing advance is the same as
before). As such, these fixed UEs can skip the entire random
access procedure, if a different procedure can be used to tell
the eNode B that a fixed UE has come on-line.

Because, in certain embodiments of the present invention,
a UE keeps the same RRC configuration, the UE may not need
this information again. If the UE is fixed, then the UE does not
need timing advance from a random access procedure. As
such, in certain embodiments, the UE can skip the random
access procedure.

With regard to new network features, cell-specific or sys-
tem-specific broadcast information can be used to let cover-
age-limited MTC UEs know when they can access the sys-
tem. In one example, this broadcast information can indicate
when UEs with certain pathloss, Received Signal Received
Power (RSRP), or Signal to Interference plus Noise Ratio
(SINR) can access the system (the broadcast information can
indicate that UEs with pathloss greater than 140 dB can assess
the system from 1-2 AM, for example). Alternatively, this
broadcast information can simply state when coverage-lim-
ited UEs that cannot access the system currently (UEs that are
unable to decode the MIB/SIBs, unable to complete random
access procedure, unable to decode the control channel, etc.)
will be able to access the system. Alternatively, this broadcast
information can simply state if coverage-limited UEs can
access the system at the present time (for example, a flag can
be used to indicate whether the system is in coverage-exten-
sion mode).

To efficiently support coverage extension for MTC
devices, certain embodiments can use a coverage-extension
mode at a specified time (e.g., during quiet period in the
middle of the night), as described above. Coverage-limited
MTC UEs can be time-controlled to access the system only
during that period.

As such, new channels or repetitions can be used to provide
coverage that is supported at certain times. In one embodi-
ment, new channels or repetitions can be needed to provide
coverage that are only supported at certain times. This can
include, for example, supporting coverage enhancement fea-
tures at certain times. As described above, UEs that do not
require coverage enhancement can access the system at any
time.

In one embodiment, cell-specific or system-specific infor-
mation about the coverage-extended mode can be broad-
casted periodically (broadcasted once per minute or once per
hour, for example) for the purpose of informing new cover-
age-limited UEs of the access time. This feature can be
directed at supporting coverage-limited UEs that are access-
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ing the system for the first time (such as meters that have just
been installed) or UEs that operate in conjunction with a
network has undergone a reconfiguration. In this mode, the
network can broadcast a limited amount of information in a
coverage-extended mode (e.g., the information can be broad-
casted through a modified Physical Broadcast Channel
(PBCH), for example) to tell the UEs when they can access
the system. Without this support, the UEs may continuously
try to access the system, which can deplete the power of
battery-powered UEs. Alternately, information about the cov-
erage-extended mode may be directly programmed into the
UEs, or specified via the standards.

In another embodiment, if the MTC coverage-limited UE
cannot detect the broadcasted information of the coverage
extension mode of the network, the UE will try to access the
network for a limited number of times, or wait for a long
period of time for another detecting attempt for the broad-
casting of information. Alternatively, in one embodiment, a
certain type of low-cost MTC can only operate under the
coverage-extension mode.

In another embodiment, the system can use a same con-
figuration across periods during the coverage-extension
mode. This can include, for example, the same Physical-
Random-Access-Channel/Physical-Uplink-Control-Chan-
nel (PRACH/PUCCH) configurations, cell-specific values
(such as access class barings), cell reselection parameters,
etc. The system can also use a same value (such as a “system-
InfoValueTag” value, for example) so that MTC UEs access-
ing the system will read less information (such as only having
to read System Information Block SIB1), which can reduce
their access time latency significantly.

Because the UEs might attempt to re-read the SIBs and
may not retain the information from the previous access,
standards changes may be required in these circumstances. Of
course, a bitmap can be also used to indicate which SIB
messages have changed since the last time the UE accessed
the system, so a piece-wise update/information acquisition is
possible. In this case, a common timing reference for the eNB
and the coverage-extension-mode UEs may need to be estab-
lished so that a “last time” is well defined.

In another embodiment, the system can pre-allocate or
reserve resources such as a PRACH preamble, a PUCCH
resource index, and/or a Radio Network Temporary Identity
(RNTI) in a time-division multiplexed manner. For example,
a PUCCH resource index can be assigned to a first UE for a
specific time, and then to a second UE, and so on.

Inanother embodiment, MTC UEs that have not previously
connected to the system before can follow an existing access
procedure. UEs that have previously connected to the system
can follow a different procedure as outlined below. In another
embodiment, a field can be broadcasted to inform previously-
connected UEs to follow the existing access procedure.

With regard to the UE connection procedure for previ-
ously-connected UEs, the UE can maintain its RRC configu-
ration from the last access attempts unless otherwise
informed by the eNB. As described above, this allows the
network to skip the RRC configuration/establishment stage
for the UE. As such, the UE can maintain all parameters
needed for data communication from its previous connection.
To simplify this implementation on the network side, the
network may have certain configurations predefined and may
assign the UEs one of these configurations. Alternatively, the
network may inform the UE of the various predefined con-
figurations, and then signal only the index to the UE. If the UE
is fixed (i.e., the UE is not moving), the UE can skip a random
access procedure. As described above, the UE can instead use
other means, e.g., an SR to notify the network that the UE has
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come on-line. In this case, the UE will already have the timing
advance information needed for uplink transmission. Further-
more, if MTC operation can be time-controlled tightly, the
network may also know when each UE will access the system
(because data transmission is periodic and known), so
resources can be preconfigured as well. If the UE cannot
establish communication with the eNB with the new proce-
dure after repeated attempts, the UE can fall back to the
normal connection procedure.

In another embodiment, coverage-enhancement features
(e.g., such as Transmission Time Interval (TTT) bundling) and
coverage-enhancement channels (e.g., a Modified-Physical-
Broadcast-Channel (M-PBCH)) are turned on only at specific
times. Alternatively, specific parameters of coverage
enhancement features (e.g., TTI bundling greater than 4) are
turned on only at specific times.

In another embodiment, MTC UEs can be configured or
programmed to access the system at specific times based on
channel quality measurements (e.g., a Reference Signal
Receive Power (RSRP)). For example, a UE with an RSRP
greater than a threshold can access the system at any time,
while a UE with an RSRP below a threshold can access the
system only for a certain time (such as from 1-2 AM, for
example). Several threshold values may be used. Similarly,
MTC UEs may be configured or programmed to access the
system at specific times based on their service level or traffic
pattern.

FIG. 2 illustrates a logic flow diagram of a method accord-
ing to certain embodiments of the invention. The method
illustrated in FIG. 2 includes, at 210, operating a node in a first
mode to support one or more user equipment. The method
also includes, at 220, operating the node in a second mode to
support one or more user equipment. The coverage of the
second mode is enhanced compared to the coverage of the
first mode.

FIG. 3 illustrates a logic flow diagram of a method accord-
ing to certain embodiments of the invention. The method
illustrated in FIG. 3 includes, at 310, accessing, via coverage-
limited user equipment, a node. The node can be operated in
a first mode to support one or more user equipment. The node
can be operated in a second mode to support one or more user
equipment. The coverage of the second mode can be
enhanced compared to the coverage of the first mode. The
node can be accessed by the coverage-limited user equipment
while the node is operated in the second mode.

FIG. 4 illustrates an apparatus 10 according to embodi-
ments of the invention. Apparatus 10 can be a transmitting
device, such as a base station and/or an eNode B, for example.
In other embodiments, apparatus 10 can be a user equipment,
for example.

Apparatus 10 can include a processor 22 for processing
information and executing instructions or operations. Proces-
sor 22 can be any type of general or specific purpose proces-
sor. While a single processor 22 is shown in FIG. 4, multiple
processors can be utilized according to other embodiments.
Processor 22 can also include one or more of general-purpose
computers, special purpose computers, MmiCroprocessors,
digital signal processors (DSPs), field-programmable gate
arrays (FPGAs), application-specific integrated -circuits
(ASICs), and processors based on a multi-core processor
architecture, as examples.

Apparatus 10 can further include a memory 14, coupled to
processor 22, for storing information and instructions that can
be executed by processor 22. Memory 14 can be one or more
memories and of any type suitable to the local application
environment, and can be implemented using any suitable
volatile or nonvolatile data storage technology such as a semi-
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conductor-based memory device, a magnetic memory device
and system, an optical memory device and system, fixed
memory, and removable memory. For example, memory 14
can be comprised of any combination of random access
memory (RAM), read only memory (ROM), static storage
such as a magnetic or optical disk, or any other type of
non-transitory machine or computer readable media. The
instructions stored in memory 14 can include program
instructions or computer program code that, when executed
by processor 22, enable the apparatus 10 to perform tasks as
described herein.

Apparatus 10 can also include one or more antennas (not
shown) for transmitting and receiving signals and/or data to
and from apparatus 10. Apparatus 10 can further include a
transceiver 28 that modulates information on to a carrier
waveform for transmission by the antenna(s) and demodu-
lates information received via the antenna(s) for further pro-
cessing by other elements of apparatus 10. In other embodi-
ments, transceiver 28 can be capable of transmitting and
receiving signals or data directly.

Processor 22 can perform functions associated with the
operation of apparatus 10 including, without limitation, pre-
coding of antenna gain/phase parameters, encoding and
decoding of individual bits forming a communication mes-
sage, formatting of information, and overall control of the
apparatus 10, including processes related to management of
communication resources.

In certain embodiments, memory 14 stores software mod-
ules that provide functionality when executed by processor
22. The modules can include an operating system 15 that
provides operating system functionality for apparatus 10. The
memory can also store one or more functional modules 18,
such as an application or program, to provide additional func-
tionality for apparatus 10. The components of apparatus 10
can be implemented in hardware, or as any suitable combi-
nation of hardware and software.

FIG. 5 illustrates an apparatus 500 according to other
embodiments of the invention. Apparatus 500 can be, for
example, a base station and/or an eNode B. Apparatus 500 can
include a first operating unit 501 for operating the apparatus
500 in a first mode to support one or more user equipment.
Apparatus 500 can also include a second operating unit 502
for operating apparatus 500 in a second mode to support one
or more user equipment. The coverage of the second mode is
enhanced compared to the coverage of the first mode.

FIG. 6 illustrates an apparatus 600 according to other
embodiments of the invention. Apparatus 600 can be, for
example, a user equipment. Apparatus 600 can include an
accessing unit 601 that accesses a node. The node can be
operated in a first mode to support one or more user equip-
ment. The node can be operated in a second mode to support
one or more user equipment. The coverage of the second
mode can be enhanced compared to the coverage of the first
mode. The node can be accessed by the coverage-limited user
equipment while the node is operated in the second mode.

The described features, advantages, and characteristics of
the invention can be combined in any suitable manner in one
or more embodiments. One skilled in the relevant art will
recognize that the invention can be practiced without one or
more of the specific features or advantages of a particular
embodiment. In other instances, additional features and
advantages can be recognized in certain embodiments that
may not be present in all embodiments of the invention. One
having ordinary skill in the art will readily understand that the
invention as discussed above may be practiced with steps in a
different order, and/or with hardware elements in configura-
tions which are different than those which are disclosed.
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Therefore, although the invention has been described based
upon these preferred embodiments, it would be apparent to
those of skill in the art that certain modifications, variations,
and alternative constructions would be apparent, while
remaining within the spirit and scope of the invention.

We claim:

1. A method, comprising:

operating a node in a first mode to support one or more user

equipment; and

operating the node in a second mode to support one or more

user equipment, wherein the coverage of the second
mode is enhanced compared to the coverage of the first
mode, the one or more user equipment is controlled to
access the node during a specified time, and the node
operates in the second mode during the specified time.

2. The method according to claim 1, further comprising
broadcasting information about when the second mode is
available.

3. The method according to claim 1, wherein the specified
time corresponds to a low-traffic/quiet time.

4. The method according to claim 2, wherein the broad-
casting information comprises broadcasting the information
periodically to inform one or more coverage-limited user
equipment that the second mode is available so that the one or
more coverage-limited user equipment can access the node.

5. The method according to claim 4, wherein the one or
more coverage-limited user equipment are machine-type
communications devices.

6. The method according to claim 2, wherein the broad-
casting information about when the second mode is available
comprises broadcasting information through a physical
broadcast channel.

7. The method according to claim 1, wherein operating the
node in the second mode comprises operating the second
mode during one or more periods, and a same system con-
figuration is maintained across said one or more periods of
operating in the second mode.

8. The method according to claim 1, wherein operating the
node in the second mode comprises operating the second
mode during one or more periods, and a same user configu-
ration is maintained across said one or more periods of oper-
ating in the second mode.

9. The method according to claim 4, wherein the one or
more coverage-limited user equipment are programmed to
access the node during the second mode.

10. The method according to claim 1, wherein operating
the node in the second mode comprises enabling coverage
extension modes on channels.

11. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

the at least one memory and the computer program code

configured, with the at least one processor, to cause the
apparatus at least to

operate in a first mode to support one or more user equip-

ment; and

operate in a second mode to support one or more user

equipment, wherein the coverage of the second mode is
enhanced compared to the coverage of the first mode, the
one or more user equipment is controlled to access the
apparatus during a specified time. and the apparatus
operates in the second mode during the specified time.

12. The apparatus according to claim 11, wherein the appa-
ratus is further caused to broadcast information about when
the second mode is available.
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13. The apparatus according to claim 11, wherein the speci-
fied time corresponds to a low-traffic/quiet time.

14. The apparatus according to claim 12, wherein the
broadcasting information comprises broadcasting the infor-
mation periodically to inform one or more coverage-limited
user equipment that the second mode is available so that the
one or more coverage-limited user equipment can access the
apparatus.

15. The apparatus according to claim 14, wherein the one
or more coverage-limited user equipment are machine-type
communications devices.

16. The apparatus according to claim 12, wherein the
broadcasting information about when the second mode is
available comprises broadcasting information through a
physical broadcast channel.

17. The apparatus according to claim 11, wherein operat-
ing in the second mode comprises operating the second mode
during one or more periods, and a same system configuration
is maintained across said one or more periods of operating in
the second mode.

18. The apparatus according to claim 11, wherein operat-
ing the node in the second mode comprises operating the
second mode during one or more periods, and a same user
configuration is maintained across said one or more periods
of operating in the second mode.

19. The apparatus according to claim 14, wherein the one
or more coverage-limited user equipment are programmed to
access the node during the second mode.

20. The apparatus according to claim 11, wherein operat-
ing the node in the second mode comprises enabling coverage
extension modes on channels.

21. A computer program product, embodied on a non-
transitory computer readable medium, the computer program
product configured to control a processor to perform a pro-
cess, comprising:

operating a node in a first mode to support one or more user

equipment; and

operating the node in a second mode to support one or more

user equipment, wherein the coverage of the second
mode is enhanced compared to the coverage of the first
mode, the one or more user equipment is controlled to
access the node during a specified time, and the node
operates in the second mode during the specified time.

22. A method, comprising:

accessing, via one or more coverage-limited user equip-

ment, a node, wherein the node is operated in a first
mode to support one or more user equipment, the node is
operated in a second mode to support one or more user
equipment, the coverage of the second mode is enhanced
compared to the coverage of the first mode, the one or
more coverage-limited user equipment is controlled to
access the node during a specified time, the node oper-
ates in the second mode during the specified time, and
the node is accessed by the one or more coverage-limited
user equipment while the node is operated in the second
mode.

23. The method of claim 22, wherein accessing the node
comprises accessing the node with one or more coverage-
limited user equipment that use a streamlined procedure if the
one or more coverage-limited user equipment has previously
accessed the node.



